The aim of the present study was to investigate the association between platelet microRNA-96 (miR-96) expression levels and the occurrence of deep vein thrombosis (DVT) in orthopedic patients. A total of consecutive 69 orthopedic patients with DVT and 30 healthy individuals were enrolled. Ultrasonic color Doppler imaging was performed on lower limb veins after orthopedic surgery to determine the occurrence of DVT. An enzyme-linked fluorescent assay was performed to detect the levels of D-dimer in plasma. A quantitative polymerase chain reaction assay was performed to determine the expression levels of miR-96. Expression levels of platelet miR-96 were significantly increased in orthopedic patients after orthopedic surgery. miR-96 expression levels in orthopedic patients with DVT at days 1, 3 and 7 after orthopedic surgery were significantly increased when compared with those in the control group. The increased miR-96 expression levels were correlated with plasma D-dimer levels in orthopedic patients with DVT. However, for the orthopedic patients in the non-DVT group following surgery, miR-96 expression levels were correlated with plasma D-dimer levels. In summary, the present results suggest that the expression levels of miR-96 may be associated with the occurrence of DVT. The occurrence of DVT may be accurately predicted by comprehensive analysis of the levels of miR-96 and plasma D-dimer.
Introduction
Deep vein thrombosis (DVT) is a severe postoperative complication, which commonly occurs in 40-80% of patients undergoing orthopedic surgeries, such as total hip replacement, total knee replacement, and hip fractures surgery (1) (2) (3) . Pulmonary embolism, a potentially life-threatening disease with a high mortality rate in China, may result from a detached thrombus that travels to the lungs (4) .
Formation of thrombus is closely related to the activation of platelets (5, 6) . Under the action of coagulation factor, platelets are activated and aggregated, eventually forming a thrombus (7) . Vesicle-associated membrane protein 8 (VAMP8) is a vesicle-associated major membrane protein of soluble N-ethylmaleimide-sensitive factor attachment protein receptor (8) . VAMP8 is necessary for platelet activation, which is involved in the process of platelet degranulation (9, 10) . A previous study showed that increased expression of microRNA-96 (miR-96) lead to a reduction in platelet activation by inhibiting the expression of VAMP8 protein (11) . It has been suggest that the occurrence of DVT may be predicted by detection of miR-96 expression in platelets (12) . D-dimer is a fibrin degradation product in blood after a thrombus is degraded by thrombin, coagulation factor XIIIa and fibrinolysin (13) (14) (15) . Levels of D-dimer may reflect the activity of coagulation and the fibrinolytic system, which may be used for diagnosis of DVT (16) . However, the correlation between miR-96 expression and D-dimer in the development of DVT is unknown.
In the present study, levels of miR-96 expression in platelets were detected in patients with orthopedic conditions following surgery. The association between miR-96 expression and occurrence of DVT was thus determined. Furthermore, the correlation between miR-96 expression in platelets and of D-dimer levels in plasma was investigated.
Materials and methods
Patients. A total of consecutive 8 patients with DVT after orthopedic surgery (DVT group; 3 males and 5 females) were enrolled in this study in Laiwu People's Hospital (Laiwu, China). The age of these patients ranged between 51 and 68 years, with an average age of 63.4 years. The prognosis of DVT referred to the clinical manifestations, imaging and laboratory test results, including whether deep vein thrombosis, limb swelling, thickened circumference, pain or tenderness, superficial vein dilation, skin pigmentation and/or abnormal D-dimer values were detected. In the corresponding period, a total of consecutive 61 orthopedic patients without DVT following orthopedic surgery (non-DVT group) were enrolled in this study. These patients included 35 males and 26 females, with ages ranging between 31 and 72 years, and an average age of 58.3 years. As a control, a total of consecutive 30 healthy individuals (control group) were enrolled in this study, which included 15 males and 15 females. The age of these healthy individuals ranged between 30 and 88 years, with an average age of 56.5 years.
The exclusion criteria of DVT group were as follows: i) Patients with DVT before orthopedic surgeries; ii) patients with active bleeding and spontaneous intracranial hemorrhage recently; iii) patients with bleeding disorders and undergoing anticoagulant treatment; iv) patients with severe liver and kidney disease; v) patients had not undergone surgery and trauma; vi) patients had history of thrombosis; and vii) patients with malignancies, inflammatory diseases. Prior written and informed consent were obtained from every patient. The study was approved by the ethics review board of Laiwu People's Hospital.
Color Doppler ultrasonography. The lower limb veins were detected in patients before orthopedic surgery and at days 3 and 7 after orthopedic surgery. Venous diameter, blood flow, intraluminal pressure, deep venous valve function and thrombosis formation were determined using a color Doppler ultrasonography imaging system (ACUSON Antares Color Doppler Ultrasound System; Siemens AG, Berlin, German).
Purification of platelets. Peripheral blood was extracted from patients after orthopedic surgery and from healthy individuals. The samples were mixed with 85 mM trisodium citrate, 78 mM citric acid and 111 mM glucose (all from Sigma-Aldrich, St. Louis, MO. USA). Following centrifugation at 80 x g for 10 min, the mixtures were mixed with 2 mM ethylenediaminetetraacetic acid (EDTA; pH 8.0; Sigma-Aldrich) and centrifuged at 1,000 x g for 10 min. The pellets of platelets were resuspended in 3 ml Beads Buffer [0.8% NaCl, 0.02% KCl, 0.144% Na 2 HPO 4 , 0.024% KH 2 PO 4 , 0.5% bovine serum albumin and 2 mM EDTA (pH 8.0)], then 40 µl human CD45 MicroBeads reagent (Miltenyi Biotec GmbH, Bergisch Gladbach, German) was added and mixed gently. The platelets were separated using a MACS ® magnetic cell sorting system (Miltenyi Biotec GmbH). The purity of platelets was >99.99%.
Quantitative polymerase chain reaction (qPCR) assay. Total RNA of platelets were extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, USA). RNA quality was detected by RNA electrophoresis and spectrophotometer at an optical density of 260/280 nm. All RNA was reverse transcribed into cDNA using a PrimeScript RT Regent kits (Takara Bio, Inc., Otsu, Japan) according to the manufacturer's protocol. Quantitative PCR assay was conducted using a SYBR PrimeScript RT-PCR kit II (Takara Bio, Inc.) in accordance with the manufacturer's protocol. β-actin was used as an internal control for miR-96. The primers for miR-96 were as follows: 5'-TTT GGC ACT AGC ACATT-3' and 5'-GAG CAG GCT GGA GAA-3'. The primers for β-actin were: 5'-CAT GTA CGT TGC TAT CCA GGC-3' and 5'-CTC CTT AAT GTC ACG CAC GAT-3'. Oligonucleotide primers of miR-96 and β-actin were synthesized by Invitrogen (Thermo Fisher Scientific, Inc.). The 20 µl reaction system consisted of 0.5 µl cDNA, 10 µl SYBR Ex Taq, 0.5 µl forward and reverse primer, and 8.5 µl ddH 2 O. The PCR thermocycling conditions were as follows: Denaturation at 95˚C for 10 sec, 95˚C for 5 sec, and 60˚C for 20 sec for a total of 40 cycles. For each sample, PCR reaction was repeated for at least 3 times. The gene expression levels were calculated with the 2 -ΔΔCq method.
Western blot analysis. Total proteins of platelets were extracted using a total protein extraction reagent (BioTeke Corporation, Beijing, China). Total proteins (100 µl) were separated on 12% SDS-PAGE gel, and transferred onto a polyvinylidene fluoride membrane (KLH Bioscience, Shanghai, China). After blocking with 5% non-fat milk in Tris-buffered saline with Tween-20 at 37˚C for 2 h, the membrane was incubated at 4˚C for 24 h with rabbit anti-human VAMP8 polyclonal primary antibodies (1:800; cat. no. ab76021; Abcam, Cambridge, MA, USA). The membrane was subsequently incubated at 37˚C for 1 h with horse radish peroxidase-conjugated goat anti-rabbit secondary antibodies (1:2,000; cat. no. ab181658; Abcam). β-tubulin was used as an internal control. Blots were detected using ECL Plus enhanced chemiluminescence reagent (EMD Millipore, Billerica, MA, USA). Image quantifications were performed using ImageLab software version 4.1 (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Experiments were repeated at least 3 times.
Plasma D-dimer detection. Peripheral venous blood samples were collected from patients at days 1, 3 and 7 after orthopedic surgery. For control, peripheral venous blood samples were collected from healthy individuals. Subsequently, ~1.8-ml samples were transferred into anticoagulant tube with 0.2 ml citric acid (10 9 mM) and mixed. The mixtures were centrifuged at 400 x g for 15 min. The plasma supernatants were finally transferred to a new tube for the analysis of D-dimer. D-dimer was detected by enzyme-linked fluorescent assay using a VIDAS instrument and VIDAS D-dimer Exclusion II kit (VIDAS S60; BioMerieux, Inc., Grenoble, France), in accordance with the manufacturer's instructions.
Statistical analysis. All results are expressed as the mean ± standard deviation. All statistical analyses were performed with SPSS software, version 13.0 for Windows (SPSS, Inc., Chicago, IL, USA). Paired t-test was used to analyze comparisons between groups and analysis of paired data. Pearson correlation was used to analyze the association between miR-96 expression and plasma D-dimer levels for the prediction of DVT. P<0.05 was considered to indicate a statistically significant difference.
Results

Diagnosis of patients with DV T by color Doppler ultrasonography.
To determine the occurrence of DVT, ultrasonic color Doppler imaging was performed on the lower limb veins of patients and healthy individuals. As shown in Fig. 1A , for the non-DVT group, there was no sign of thrombus in the femoral vein. However, for the DVT group, coronal imaging showed significant vein stenosis and several thrombi in the femoral vein (Fig. 1B) . These results suggest that occurrence of DVT can be clearly diagnosed using color Doppler ultrasonography.
Expression levels of platelet miR-96 are significantly increased in patients following orthopedic surgery. To determine the expression levels of miR-96 between patients with orthopedic disease and healthy individuals, a qPCR assay was performed. As shown in Fig. 2 , expression levels of platelet miR-96 in the DVT and non-DVT group were significantly increased compared with the control group (P<0.05). The expression levels of miR-96 in the DVT group were higher than those in the non-DVT group. However, there was no significant difference between the DVT and the non-DVT group. These results indicate that the expression levels of platelet miR-96 are significantly increased in orthopedic patients after orthopedic surgery. High expression of miR-96 may be associated with the occurrence of DVT.
Expression levels of VAMP8 are increased in the DVT group and reduced in the non-DVT group. To investigate the expression levels of the platelet-related protein VAMP8 between orthopedic patients and healthy individuals, western blot analysis was performed. As shown in Fig. 3 , the expression levels of VAMP8 in the non-DVT group were significantly decreased when compared with those in the control group (P<0.05). However, the expression levels of VAMP8 in the DVT group were significantly increased when compared with those in the control group (P<0.05). These results indicate that the expression levels of VAMP8 are increased in the DVT group while decreased in the non-DVT group. Expression of VAMP8 in platelets may be inhibited by the high expression of miR-96 in the non-DVT group.
miR-96 expression levels are increased in the non-DVT group, but are not correlated with plasma D-dimer levels.
To investigate the association between miR-96 expression levels and plasma D-dimer levels in the non-DVT group, Pearson correlation analysis was performed. The expression levels of miR-96 were detected using a qPCR assay in the non-DVT group at days 1, 3 and 7 after orthopedic surgery. For control, the expression levels of miR-96 in the control group were detected. As shown in Fig. 4A , miR-96 expression levels in the non-DVT group at days 1, 3 and 7 after orthopedic surgery were significantly increased when compared with those in the control group (P<0.05). Pearson correlation analysis results showed that the gradually increased miR-96 expression levels were not linearly correlated with plasma D-dimer levels in the non-DVT group (Fig. 4B ). Levels of plasma D-dimer are commonly used for the prediction of DVT (17) . These results suggest although miR-96 expression levels are increased in the non-DVT group, miR-96 expression levels are not correlated with plasma D-dimer levels.
Increased miR-96 expression levels are correlated with plasma D-dimer levels in the DVT group. To investigate whether miR-96 expression levels were correlated with plasma D-dimer levels in the DVT group, Pearson correlation analysis were performed. In the DVT group at days 1, 3 and 7 after orthopedic surgery, the expression levels of miR-96 were detected using a qPCR assay. As shown in Fig. 5A , miR-96 expression levels in the DVT group at days 1, 3 and 7 after orthopedic surgery were significantly increased when compared with those in the control group (P<0.05). Pearson correlation analysis results showed that miR-96 expression levels were correlated with plasma D-dimer levels in the DVT group (Fig. 5B) . These results indicate that the occurrence of DVT may be predicted by comprehensive analysis of the levels of miR-96 and plasma D-dimer.
Discussion
DVT is a common postoperative complication in orthopedic patients, accounting for ~50% of the total patients with embolization (18) . Pulmonary embolism caused by DVT is a potentially life-threatening disease with a high mortality rate of 0.5% (4) . Therefore, early prevention and accurate diagnosis are key to reducing morbidity and mortality.
As an important miRNA in platelets, miR-96 inhibits the expression of VAMP8, which serves a crucial function in reducing the activation of platelets (11) . In the present study, the expression levels of miR-96 and VAMP8 were determined in the DVT, non-DVT and control groups. The results showed that in the non-DVT group, miR-96 expression levels were increased while VAMP8 expression levels were decreased when compared with those in the control group. For the DVT group, miR-96 expression levels were also significantly increased in platelets. The expression levels of miR-96 in the DVT group were higher than those in the non-DVT group. However, VAMP8 expression levels were not decreased in the DVT group, as compared with the non-DVT group. These results indicate that the expression of VAMP8 after orthopedic surgery may be regulated by miR-96, in addition to other signaling pathways. Plasma D-dimer levels indicate the activity of the coagulation/fibrinolytic system in vivo, which can be used as a marker for the prediction of DVT.
The present results showed that miR-96 expression levels in the DVT group at days 1, 3 and 7 after orthopedic surgery were significantly increased when compared with those in the control group. The increased miR-96 expression levels were correlated with plasma D-dimer levels in the DVT group. However, although miR-96 expression levels were increased in the non-DVT group, miR-96 expression levels were not correlated with plasma D-dimer levels. Typically, due to the stress responses, compared with normal subjects the levels of various proteins and factors would be elevated in the patients following surgery. However, the single factor detection may not be sufficient for disease prediction. The results of the present study demonstrated that the expression levels of miR-96 in the patients following surgery were elevated in both the DVT and non-DVT groups. Compared with the DVT group, the D-dimer value was also increased in the DVT group, in addition to elevated miR-96 expression levels, indicating an association between the two events in these patients. Based on these findings, the simultaneous detection of elevated miR-96 expression levels and D-dimer values could contribute to a more accurate prediction of the incidence of DVT.
In conclusion, the expression levels of platelets miR-96 are significantly increased in patients after orthopedic surgery. The expression levels of platelets miR-96 are correlated with the levels of plasma D-dimer in the DVT group. These results suggest that the occurrence of DVT may be accurately predicted by comprehensive analysis with levels of miR-96 and plasma D-dimer.
